A new expansion of the rotational energy of diatomic molecules, in the form of a continued fraction has been investigated. The considered formula is applied in calculation of molecular constants and reproduction of rotational spectra of rigid-, semirigid-and vau der Waals-type molecules. A physical interpretation of semiempirical expansion parameters is proposed and a connection between the method considered and the Dunham approach is also discussed.
Introduction
A simple analysis of molecular rotational-vibrational (rovibrational) spectra has been realized in the framework of the potential approach as well as the Dunham method. In the potential approach, energy levels are obtained by solving the Schrödinger equation with the interatomic potential expanded in terms of interatomic variables [1] [2] [3] [4] . The potential coefficients are obtained either by a fit to the experimental energy levels or, if available, by a fit to a theoretically calculated potential. In the above method the solution of the Schrodinger equation provides wave functions which can be applied in evaluation of matrix elements of various quantum-mechanical operators essential in a more sophisticated analysis of molecular spectra.
The second popular method of assignment of IR and MW spectra is the 
where 74, are semiempirical parameters whose values are obtained by a fit to the experimental energy levels. This method has been applied to many molecules, giving quite satisfactory relations between theoretical and experimental data [6] , as well as providing information on interatomic molecular potential [7, 8] . The disadvantage of the Dunham approach is that a power series describing rovibrational energy has a poor convergence, and that Dunham expansion does not provide any information about the wave function of individual states of a molecule. In order to avoid the above difficulties, more advanced and adequate methods based on different approaches [9] [10] [11] [12] [13] [14] [15] [16] have been suggested. In view of the above consideration, the main purpose of this work is to present a new method which combines the potential and the Dunham approach, and may be used in an analysis of the rotational spectra of diatomic molecules. The considered formula will be applied in evaluation of molecular constants and in reproduction of the energy of rotational transitions of the 1Σ state of 12C16O, H35 Cl and of the 1Σ0 state of 90Ar 2 molecules.
General formulation
Let us consider a twoatom molecule endowed with a reduced mass m = m1 m 2 /(m1 + m2 ) where m1 and m2 are masses of the molecule constituents. If we assume that molecular potential has a simple. Simons-Parr-Finlan form [2, 3] the rotation-vibration wave equation for such a system may be written as follows:
where q describes the distance between the two atoms, q0 is an equilibrium distance and D0 is a constant related to the dissociation energy of the molecule. Taking into account a quantum-mechanical equation of motion in the Heisenberg representation, as well as the explicit form of Hamilton's operator occurring in (2), we get
The right hand side of (3) represents the quantum-mechanical force which has a potential whereas the quantities Di and qJ are the modified dissociation constant and the changed equilibrium distance, respectively. Α look into (3) reveals that in rovibrational two-atomic systems, described by the Simons-Parr-Finlan potential, a time-change of momentum is a result of force with the modified dissociation constant Di, and the changed equilibrium distance qJ. This is a simple consequence of the deformational action of the centrifugal force which acts upon systems with rotational degree of freedom [17] . In view of the above, the Schrödinger equation (2) may be rewritten into the equivalent formula which can be strictly solved [18, 19] , leading to the energy eigenvalues and the corresponding wave functions given in the forms where LυγJ (2βυJp) is the generalized Laguerre polynomial, 1F1(-υ; 1 + γJ; 2βυJp) denotes the confluent hypergeometric (or Kummer) function whereas
The obtained results indicate that rovibrational energy of diatomic systems consists of an effective vibration energy described by the first term in (7), and an effective rotation energy given by the second one. It is easy to verify that i.e., the effective rotational energy is a result of a change of the equilibrium configuration q0 -> qJ caused by the centrifugal force.
Applications
The formula (7) may be applied in calculation of the rovibrational energy of diatomic molecules, however, in the case of rotational transitions for low excited vibrational states (υ = 0, 1), in the first approximation one may neglect rotational to be obtained from (11) by a formal substitution dependence of the effective vibrational energy. As a result, the simplified energy formula for rotational transitions reads
In the zero order approximation considering the molecule as a rigid rotor (D0 = ∞), Eq. (12) reduces to the well-known formula ΔΕJ = 2Β0(J + 1).
A detailed analysis of (11) and (12) leads to the following conclusions: (i) For a small value of the constant Β 0D0-1 , the effective rotational energy can be expanded in a power series of J(J + 1), leading to the polynomial Dunham expansion of the rotational energy of diatomic molecules. So, the Dunham formula is a particular case of the general one given by the analytical equation (7) or the approximated expression (11). (ii) The continued fraction formula (11) is a more general and stronger physically supported equation describing the rotational energy of two-atom systems, then the Dunham proposal.
In view of the above, it is tempting to employ in reproduction of the energy of rotational transitions, a polyparametric continued fraction formula and compare the calculated frequencies with these obtained by making use of Eq. (1). The molecules 12C16 O, H35 Cl, and 40Ar2 will be taken as an example.
The best values of the molecular parameters will be determined by the linear least-square routine in which the statistical weights, proportional to the inverse of experimental uncertainties, are taken as being equal to one. In Table I the 
Discussion
The performed calculations lead to the conclusion that the equation better physically supported and describing correctly the effective rotation energy of the considered molecules, is the 3-parametric continued fraction
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This indicates that the dissociation constant depends on the rotational quantum number J. Because the semiempirical parameter Β2 is negative for all the cases considered, it becomes apparent that the dissociation energy of rotating systems diminishes according to formula (16) . This effect, for highly excited rotational states, leads to the possibility of rotation induced dissociation of a molecule. Therefore, the semiempirical parameter Β2 may be viewed as an indicator of molecular susceptibility to rotational dissociation, which, according to our intuitive expectations, diminshes with rigidity of a molecule (see Table I ). The remaining parameters in the 3-parametric expansion (15) (ii) Application of the 4th semiempirical parameter practically does not give a remarkable change in the accuracy of calculations.
(iii) To the accuracy of 0.01 MHz and 0.01 cm -1 , quoted in Refs. [20] and [21] , the energy of the rotational transitions reproduced by the 3-parametric continued fraction (13) is in perfect agreement with that provided by the 3-parametric Dunham expansion (14) . Although, it is worth noting the difference at the 3rd decimal position points to the advantage of the former, both for rigid-( 12C 16 O), semirigid-(H35Cl) and van der Waals ( 40Ar2)-type of molecules.
(iv) From Table I we see that for 40Ar 2, application of the sextic parameter in the fit leads to very good theoretical reproduction of the experimental data and results in a value for the quartic constant which is an order of magnitude lower, so, we arrive at the conclusion that the N-parametric fit is an "effective" fit for the problem considered. It should be mentioned, moreover, that in Ref. [21] only a quartic fit to the lowest rotational states was reported. The proposed method may also be applied to molecules for which the experimental data allows determination of octic and decadic constants, such as HF, by making use of the 4-and 5-parametric continued fractions, respectively. The resuIts of investigation of this and other molecules will be presented in a separate paper.
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